Introduction
Est imates indicate that more than 100,000 patients with diabetes mellitus in the United States are being managed with continuous subcutaneous insulin infusion (CSII; insulin pump) therapy. 1 Continuous subcutaneous insulin infusion is complex, requiring specialized training by the patient and the diabetes care specialists who assist with management. Moreover, insulin is a high-alert medication prone to errors in the hospital, which further increases the risks associated with the already complex nature of CSII treatment. 2 Finally, surveys of inpatient practitioners confirm a lack of familiarity with the use of insulin pumps. [3] [4] [5] [6] Thus inpatient physicians may justifiably struggle with whether to allow CSII users to continue their therapy during a hospital stay.
This combination of complex technology, high-risk medication, and inpatient unfamiliarity with CSII may create an unsafe situation for patients who wish to continue using their insulin pumps when hospitalized. Errors are possible unless a standardized inpatient policy and set of procedures are in place that provide guidance about how to manage the patient on an insulin pump. 7 Despite the possible risks, many clinicians believe that patients can continue to use their CSII treatment in the acute care setting. [8] [9] [10] Limited data suggest that this is the patient's preference as well, and patient satisfaction is high when insulin pump therapy is allowed in the hospital. 11, 12 No national data exist on current hospital practices regarding insulin pump use. Likewise, consensus is lacking on how to employ CSII therapy in the hospital setting. We previously published a strategy that assists practitioners with the management of CSII in the hospital. 13 Our recommendations were developed to supplement preexisting but limited guidelines. 14 We sought to protect the patient's desire for autonomy by allowing insulin pump self-management while simultaneously maximizing safety. 13 The formation of a collaborative relationship between the patient and the hospital staff was implied and reinforced by maintaining lines of communication through a daily review of pump operation, surveillance of point-of-care glucose data, and discussion with the patient and staff about any related issues. Since our first publication on this area, others have also presented their approach to inpatient insulin pump management. 12, 15 Our earlier reports indicated that our policy and procedures permitted a safe outpatient-to-inpatient transition of CSII therapy. 16, 17 Prior reviews involved smaller numbers of individual patients and hospitalizations. 16, 17 The purpose of this analysis was to provide updated information relating to the use of inpatient CSII that includes an examination of adherence to our institutional policies over time, assessment of glycemic control, and evaluation of adverse events related to inpatient pump use.
Methods

Description of Facility
Our academic medical center is located in metropolitan Phoenix, Arizona. All adult general medical and surgical specialties are represented; pediatric care and obstetrical care are not available. An electronic medical record links inpatient and outpatient notes and laboratory data. Patient care orders are input via a computerized order entry system.
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Conclusions:
Most patients using insulin pumps can safely have their therapy transitioned when hospitalized. A policy on inpatient continuous subcutaneous insulin infusion use can be successfully implemented. Compliance with required procedures can be achieved, although there was room to improve adherence with some process measures. Further study is needed to determine how to optimize glycemic control when pumps are allowed during hospitalization.
Synopsis of Inpatient Insulin Pump Policy
We formalized our inpatient CSII guidelines into a written policy consisting of three basic elements: (1) contraindications for insulin pump use in the hospital; (2) procedures that guide the medical staff in insulin pump management after patient admission; and (3) a requirement for signed patient informed consent that details the conditions for use of CSII in the hospital. 13 Our contraindications to continued insulin pump use are a patient with altered state of consciousness, a critically ill patient (i.e., one in the intensive care unit), suicide risk, the patient refuses or is otherwise unable to participate in his care, a family member is unavailable to assist with pump management if the patient cannot self-manage, or another reason deemed appropriate by physician. This policy and associated requirements have been previously published.
17
Case Definitions
A patient registry was developed to track insulin pump patients and was updated as hospitalizations were identified. We reviewed electronic medical records of patients on insulin pump therapy who were admitted between January 1, 2006, and December 31, 2009. This analysis was approved by our Institutional Review Board. Some patients had multiple admissions. Each hospitalization was considered an independent opportunity to implement our inpatient insulin pump policy, so the unit of analysis was the hospital stay rather than the patient. Per our previous definitions, if CSII therapy was only temporarily suspended or discontinued (typically for 1-2 hours) for a procedure, then restarted and otherwise maintained for the duration of the hospitalization, we designated these patients as having continued CSII therapy. 16, 17 
Chart Review
We have proposed a set of inpatient insulin pump metrics consisting of patient demographics and a group of process measures. 13, 16, 17 Thus we retrieved data on age, sex, race or ethnicity, length of hospital stay, type of diabetes, duration of diabetes, and length of time that the patient reported being on CSII therapy. Compliance with process measures was assessed by reviewing the electronic medical record and determining if documentation of the following occurred: nursing staff notation of pump presence at admission, admission glucose measurement, signed patient consent form present in the medical record, standard insulin pump orders completed, endocrinology consultation placed, and, finally, documentation of a completed bedside flow sheet. 13, 16, 17 
Glucose Data
Bedside glucose monitoring was conducted with an instrument that scanned and stored patient identification from a barcode. These bedside glucose values were then retrieved by linking patient identifiers to the electronic laboratory database. Commercial software (Medical Automation Systems, Inc, Charlottesville, VA) facilitates the glucometer interface with the electronic laboratory file. 18 Joint Commission requires a hemoglobin A1c (HbA1c) test be done at admission if not performed within 60 days prior to the hospitalization. 19 Obtaining a measurement too far into the hospital stay might result in alterations in HbA1c (e.g., due to phlebotomies). To gauge the level of outpatient glycemic control, we elected to extract HbA1c values obtained 90 days before admission through day 7 of the hospitalization.
Outcome Measures
We determined compliance with CSII process measures for hospitalizations overall and across the four-year review period. The bedside glucose measurements for the entire length of stay were averaged for each patient, and the composite bedside glucose average (BedGluc avg ) was calculated. [16] [17] [18] 20 The proportion of hospitalizations with hypoglycemia (at least one measurement <70 mg/dl) or hyperglycemia (at least one measurement >200 mg/dl) was calculated and compared based on inpatient insulin pump status. The percentage of bedside glucose measure-ments with hypoglycemic (bedside glucose <40, <50, <60, or <70 mg/dl) or hyperglycemic values (bedside glucose >200, >250, >300, >350, or >400 mg/dl) was calculated by counting the number of these events for each patient, dividing by the total number of bedside measurements per patient, and then multiplying by 100. 16, 17, 20 This method allowed adjustment for different numbers of measurements per patient, and it captured information on multiple episodes of hypo-or hyperglycemia in individual patients. 16, 17, 20, 21 The frequency of hypo-and hyperglycemic measurements was compared according to inpatient insulin pump status.
In addition to these measures, we examined records for any evidence of adverse events that might be specific for CSII. These were any evidence of mechanical failure, problems with infusion sites (e.g., infection, kinking of infusion catheter), and diabetic ketoacidosis while on therapy. We also examined for inpatient mortality.
Data Analysis
Data are reported as mean (standard deviation) where applicable. Statistical differences between continuous variables (e.g., glucose levels and hypo-and hyperglycemic frequencies) were tested using nonparametric methods, and differences between categorical variables (hospital hypo-and hyperglycemia prevalence) were tested using the χ 2 test.
Results
Patient Characteristics
We identified 125 hospital admissions between January 1, 2006, and December 31, 2009, that involved 65 individual patients on CSII. Just 21 patients accounted for 83 of these hospitalizations. Reasons for admission were diverse but were mostly acute problems (e.g., nausea, vomiting, abdominal pain, fever, chest pain, seizures), with many patients having multiple complaints. The mean age of the 65 patients was 55 (17) years, the mean diabetes duration was 27 (14) years, and the self-reported duration of CSII therapy was 6 (5) years ( 
Characterization of Inpatient Pump Status
We identified three subsets of hospitalizations. We had previously designated the first group as "pump on" hospitalizations-hospitalizations where patients were deemed to be candidates for CSII use per our policy and who remained on treatment from admission to discharge. 16, 17 Of the 125 hospitalizations, there were 83 (66%) "pump on" hospitalizations. We had also designated a second group as "pump off" hospitalizations 16, 17 when CSII was discontinued from admission to discharge. There were 18 (14%) "pump off" hospitalizations. The reasons (number of patients) for pump discontinuation at admission were diabetic ketoacidosis (2), altered mental status (2), one-day admissions for procedures (3), severe hypoglycemia (2), pump malfunction (1), patient request (1), surgeon preference (1), suicide attempt (1), hyperglycemia requiring insulin drip (1) , and unable to ascertain reason (4). If CSII was discontinued, patients received alternate therapy (e.g., basal and short-acting insulin).
Further review identified a third group not described before, which we have now designated as an "intermittent pump" group. These were instances where patients may have had CSII therapy continued at admission but then stopped during the course of their hospitalization or patients who had CSII stopped at admission but then restarted it as their clinical status improved. Twenty-four (19%) of the 125 hospitalizations involved intermittent pump use.
Adherence to Process Measures
All CSII patients at admission should have had an initial nursing assessment and an admission glucose value recorded. Of all 125 admissions, 104 (83%) had nursing documentation that the pump was present, 78 (62%) had the pump brand recorded, and 99 (79%) had the type of insulin entered into the electronic medical record. All hospitalizations had a glucose level obtained at admission. Next, we determined adherence with insulin pump process measures, evaluating just "pump on" and "intermittent pump" hospitalizations (N = 107). "Intermittent pump" hospitalizations were included because, at some point during their stay, these individuals should have had the required procedures and documentation completed similar to those for "pump on" patients ( Table 2) . Although 100% compliance was not achieved, procedures were typically being accomplished in ≥80% of the hospitalizations. The two biggest areas requiring improvement were the recording of the pump brand and documentation that the bedside flow sheet had been completed ( Table 2) .
Lastly, we examined adherence with process measures over time ( Table 3) . High compliance was generally achieved each year. In some cases-such as use of the insulin pump orders, endocrine consultations, and skin site assessments-90% compliance was achieved in 2008 and 2009. Documentation of the pump brand and bedside flow sheet had the lowest percentage of completed requirements over time ( Table 3) .
Adverse Events
Among patients using their insulin pumps in the hospital, there was one instance of an infusion catheter kinking, resulting in nonfatal hyperglycemia until corrected. Otherwise, there were no unexpected complications related to inpatient insulin pump use (e.g., insertion site infections or mechanical failure of the pump or diabetic ketoacidosis), and there was no inpatient mortality among CSII users.
Glycemic Control
The BedGluc avg values were comparable for all hospitalizations (p > .5 between groups by the Mann-Whitney test): "pump on" BedGluc avg = 175 (57) mg/dl, "pump off" BedGluc avg = 175 (42) mg/dl, and "intermittent pump" BedGluc avg = 177 (7) mg/dl. There was no difference in length of stay among the three categories or in the number of daily bedside glucose measurements (p > .3 for all by the Mann-Whitney test).
The prevalence of hyperglycemia was common among all three classes of insulin pump hospitalizations (Figure 1) . Eighty-five percent of the "pump on," 89% of the "pump off," and 92% of the "intermittent pump" hospitalizations were characterized by at least one bedside glucose value >200 mg/dl; there were no differences among groups. The prevalence of hypoglycemia (at least one bedside glucose <70 mg/dl) was 54% in "pump on," 44% in "pump off," and 75% among the "intermittent pump" hospitalizations ( Figure 1) . The prevalence of hypoglycemia tended to be higher among hospitalizations identified as "intermittent pump" compared with that of the "pump on" hospitalizations (p = .07 by the χ 2 test), and it was significantly greater (p = .04 by the χ 2 test) than that of the "pump off" hospitalizations (Figure 1 ). There were no differences in hypoglycemia between "pump on" and "pump off" hospitalizations.
An examination of the percentage of bedside glucose values that were hyperglycemic showed that nearly one-third of the measurements were >200 mg/dl for all insulin pump groups combined as well as for individual categories (Figure 2) ; severe hyperglycemia (e.g., >300 mg/dl) was uncommon. Hypoglycemic values were rare (Figure 3) , particularly severe hypoglycemia (e.g., <50 mg/dl). There were no differences in the frequency of hyperglycemic or hypoglycemic measurements among any of the categories (p > .15 for all).
Discussion
Our findings in this study confirm those in our earlier reports that CSII therapy can be maintained in most insulin pump patients during a hospitalization. 16, 17 A smaller group of these patients had to be transitioned off CSII therapy and placed on alternative insulin regimens because they did not meet the criteria for continued CSII use as set forth by our hospital policy guidelines. Aside from the one instance of transient hyperglycemia due to a catheter kinking, no adverse events occurred among those patients who remained on CSII. The only other study examining the topic of inpatient CSII use also noted no significant safety issues. 12 In the current study, a third category of inpatient CSII users was identified, one in which insulin pumps were used intermittently. Others have recognized that patients may not be on insulin pumps for the entire length of their hospital stay. 12 This intermittent use of insulin pumps in the hospital probably reflected a dynamic interplay between the desire of patients to continue using their technology whenever possible and their changing clinical status, which would require constant reevaluation of the appropriateness of the therapy. The findings of three categories of CSII users underscores the diversity of these patients in the hospital and further supports the need for the type of institutional standards described here.
This article reflects an assessment of the largest number of hospitalizations involving insulin pump users, with the number of unique patients encountered nearly doubling since our last report and the number of hospitalizations being evaluated increasing more than two-fold. 16, 17 Figure 1. Prevalence of hyperglycemia and hypoglycemia in hospitalizations involving insulin pump therapy. Insulin pump therapy was continued ("pump on," n = 83), discontinued ("pump off," n = 18), or used intermittently ("intermittent pump," n = 24).
It is not clear why the number of cases with CSII encountered in our hospital has been increasing. This rise likely is not due simply to a general increase in the number of diabetes hospitalizations. The proportion of diabetes-associated hospitalizations in our institution was One explanation of why we have witnessed more patients admitted with insulin pumps is that use of CSII itself may be increasing. Testing this hypothesis would require some knowledge of the regional insulin pump outpatient population, but such data do not exist in the form of a disease management registry in the public domain. As we are a regional referral center, another possibility for the rise in insulin pump patient cases may be that the most seriously ill CSII patients are presenting to our institution. It would be of interest to know if other hospitals are observing similar increases in the number of insulin pump patients. Ongoing surveillance will establish whether the increasing trend continues. The result of this analysis is greater insight into the characteristics of the insulin pump patients we encounter in the hospital. One-third of the patients accounted for nearly two-thirds of the hospitalizations, which may imply a high degree of chronic illness in some insulin pump users. Overall, patients had a long duration of diabetes, and on average, they had been on CSII therapy for several years. Hence they were likely to be familiar both with management of their diabetes and with insulin pump technology.
In general, institutional compliance with insulin pump procedures was high. Adherence remained high over time and even improved for some measures. It cannot be ascertained from a retrospective analysis why some measures improved, but possibilities include improved familiarity with inpatient insulin pump processes as more cases were encountered or the result of ongoing staff educational efforts on the topic. Underperformance with the bedside flow sheet was a consistent shortfall. We were not able to determine whether these were missing because of not being completed or simply because the documents had not been scanned into the electronic medical record. The bedside flow sheet is a key method by which the patient communicates pump data (e.g., basal insulin rates and bolus amounts and glucose data) to the hospital staff that should be documented in the medical record. An examination of the chain of custody of the bedside flow sheet needs to occur, from the patient bedside to the scanning process.
This updated analysis does continue to raise a question as to whether CSII therapy is more advantageous than other insulin regimens for controlling inpatient hyperglycemia. The average glucose during "pump on" hospitalizations and the prevalence of hyperglycemia in these patients was similar to those values in the "pump off" and "intermittent pump" groups. Mean bedside glucose levels, the prevalence of hypoglycemia and hyperglycemia, and the frequencies of hypoglycemic and hyperglycemic measurements in this analysis were consistent with what we have reported previously. 17 Moreover, hyperglycemia and hypoglycemia among these CSII patients continues to be more frequent than what we have historically reported for our general diabetes inpatient population. 20 We had earlier thought that maintaining CSII in the hospital offered an advantage regarding less hypoglycemia, but our findings from this larger data set did not confirm this expectation. 16 Since CSII patients potentially face the same stressors in the hospital as those affecting any other diabetes patient, insulin pumps may not offer superior glycemic control compared with other insulin treatment strategies. Additionally, the short length of stay in many cases would not allow sufficient time to optimize pump settings and monitor effects.
There are some limitations to our analysis. The sample sizes, particularly in the "pump off" and "intermittent pump" categories, are very small, and definite conclusions about differences in glucose control among the three inpatient scenarios cannot be made. Although this review examines the largest number of hospitalizations involving insulin pump patients reported to date, it still took four years to accrue just 125 cases for analysis. This low volume of encounters probably will not allow hospital staff to become proficient with insulin pump technology and reinforces the need for a standardized approach that practitioners can implement with such patients when hospital admission is required.
Another limitation is that we cannot be certain that we identified every hospitalized patient who was receiving insulin pump therapy. The data indicate that not every patient received an endocrinology consultation, so the endocrinology consultants may not have been aware of some cases until toward the end of the hospital stay or even after discharge. Patients on insulin pumps are comingled with the general diabetes patient population from a coding perspective, i.e., they do not receive a unique diagnostic code that can distinguish them from other diabetes patients in an electronic database. Due to the lack of a specific identifier for insulin pump patients, it will be difficult to conduct large scale analyses of hospitalizations involving pump users unless institutions develop registries like ours. Applying existing ICD-9 codes to CSII users would allow for easier identification in electronic data for future retrospective analysis. Our process of identifying patients on insulin pumps still requires an endocrinology consultation request from the admitting team, which makes it all the more necessary to continue educating inpatient staff about this policy so that all pump patients can be seen and the outcomes tracked.
A third limitation is that we have not yet addressed patient satisfaction with our policy and procedures. A study did report data on the topic of patient satisfaction with regard to inpatient insulin pump therapy, which is something we need to begin evaluating. 12 Additionally, we should evaluate staff satisfaction with our approach to these patients.
Beyond the challenges and limitations noted here is how best to provide ongoing education to inpatient staff regarding insulin pump procedures. Staff turnover occurs constantly. We have been providing ongoing briefings to the nursing staff about the insulin pump policy, and resident physicians have access to online modules on inpatient diabetes that include information about our inpatient CSII procedures, 22 but we need to develop a more comprehensive approach that includes all inpatient providers.
Despite these limitations and challenges, this analysis provided us the most detail yet about characteristics of the inpatient population using insulin pumps. A policy on inpatient CSII use can be successfully implemented, and patients on outpatient treatment can have therapy safely transitioned to the hospital. High compliance with required process measures can be achieved, although there continues to be room to improve in some areas. Hospital glycemic control among CSII users was no worse than that achieved when alternative insulin regimens were required. Further study is needed to determine how best to optimize glycemic control when CSII therapy is used in the hospital, to improve case identification, and to provide continuing education on the processes needed to care for these patients.
